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Fish sometimes present symptoms of dyspnoea owing to the lack of dissolved oxygen in water, and at last become suffocated to death. In order to throw light upon such a phe nomenon, it would be worth while to study not only the external conditions, e,g. the oxygen tension in the breathing water, but also the internal medium, the blood of fish.
We have already had a considerable number of works concerning the oxygen content of water in such cases as fish showing dyspnoea. And many studies have been done upon the respiratory function of fish blood from the standpoint of the oxygen dissociation curve as well as the oxygen capacity. Nevertheless, the relation between the oxygen tension in the breathing water and the actual content of oxygen in fish blood, especially the arterial blood, has not yet been clearly known. KOKUBO (1935) , in his excellent work on the acidosis of fish, investigated the response of the carbon dioxide content as well as pH value of the venous blood to the change of external condition in Cyprinus and Leuciscus.
POWERS (1932) made a research with
Ictalurus and Cyprinus on the relation between the amounts of oxygen and carbon diox ide in the blood taken from the heart and in breathing water. It seems, however, that the blood taken from the heart, which is venous, is not suitable enough for such a study as to investigate the relationship between the oxygen content of blood and that of water.
The present author took the arterial blood from the caudal artery and the venous blood from the caudal vein as well as the heart, and obtained some results on the relation between the actual content of gases in both the arterial and venous blood and the oxygen tension of the medium water.
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Material and method
The fish employed in the study were carps, Cyprinus carpio LINNE', 13 males and 9 females, whose average size was 28.3cm.
in body length, and 558g. in body weight.
of the syringe-through a needle in serted in the artery (Arteria caudalis) or the vein (Vena caudalis) passing through the haemal canal of the exposed verte brae (cf. Fig. 1.) . The venous blood taken from the heart (Bulbus arteriosus) was also used for comparison. During the bleeding, the fish was kept under the surface of the breathing water. The blood taken was immediately transferred to the VAN SLYKE's manometric apparatus. The operated fish was bled at varied intervals during the experiment. Such a practice should change the blood in quality as well as in quantity. But such repeated bleedings-0.6cc.
of blood was taken in each bleeding operation-seemed not to cause practically so ill effect unless the bleeding were repeated too many times . That matter was confirmed beforehand by preliminary experiments, one of which being shown in The content of oxygen and carbon dioxide of the blood was determined by em ploying the combined method of VAN SLYKE and NEILL (1924) referring VAN SLYKE (1927) and ZOLLNER U. ZEILINGER (1954) . The oxygen or the carbon dioxide content in this paper means the total oxygen or the total carbon dioxide content of the whole blood respectively. The volume of blood used for each determination was 0 .5cc. The dissolved oxygen content of the water was determined by the WINKLER's method , and the oxygen tension was calculated from it.
In some experiments fish respired in circulating water that had an approximately constant quantity of dissolved oxygen, and in other experiments fish was interned in still water in a tank and were forced to respire in limited volume of water.
In the latter Some examples of the content of oxygen and carbon dioxide of the blood that was taken from various parts of fish are shown in Table 2 . Each fish examined was kept in the circulating water which showed almost equal tension of oxygen in each pair of suc cessive bleedings. Table 2 . The comparison of gas content among the blood taken from various body parts.
As to the carbon dioxide content, there was no great difference between the arterial blood and the venous, though the latter showed a slightly higher value than the former.
As to the oxygen content, on the contrary, the arterial blood was much different from the venous, although no essential difference could be observed between the venous blood taken from the caudal vein and that from the heart. Experiment on the response of the blood gas content to the decrease of the oxygen tension of the breathing water.
In this experiment a fish operated ready to bleed was interned in the still water in a tank set in a thermostat chamber, therefore, the fish forced to respire in restricted volume (ca. 35 l.) of water. The oxygen tension of the water decreased gradually due to the respiration of the fish through the course of the experiment, although. the surface of the water was exposed to the air. The water used for determination of the oxygen tension was collected from the middle layer of the receptacle (the depth of water was ca. 23cm. ), since the oxygen tension was nearly the same throughout all the depth even when the fish was near the surface.
The fish became to show symptoms of dyspnoea as time went on, and made often surfacing.
The term "surfacing" was introduced by SHEPARD (1955) to denote the state of fish coming to the neck of the flask in which the fish was interned, and corresponds to "hana-age" or "nose-lift" in Japanese.
The fish was suffocated to death after a while unless it was transferred to the normal medium. Some examples of the experiments are given below.
74 Experiment 1. (Fig. 2 -Exp. 1. and Table 3 . -Exp. 1.) Fig. 2 . The experiments on the response of blood gas content to the decrease of oxygen tension of the breathing water.
The upper curve in each experiment shows the oxygen tension (mm.Hg) of the breathing water, that of either arterial or venous blood bled from the fish suffering from surfacing .
In this experiment the water was not renewed throughout the experiment. Tempera caudal artery only.
In the early stage of the experiment, the oxygen content of the arterial blood diminished slowly, while the oxygen tension of the water decreased rapidly.
As time went on, the water became almost devoid of dissolved oxygen, and the fish became to show surfacing.
The arterial blood from a fish in such a state showed a low value in the oxygen content and in the carbon dioxide content as well. The oxygen tension of the water was high in the early stage of the experiment, and then decreased as time went on. Similarly as in the case of the Experiment 1.. But the oxygen content of the venous blood was low from the beginning.
The response of the oxygen value of the venous blood to the change of the oxygen tension of the water was not clear, although a slow decline of that value was observed. The carbon dioxide content of the blood decreased according to the decline of the oxygen tension of the water. Experiment 3. (Fig. 2. -Exp. 3. and Table 3 . -Exp. 3) In this experiment the fish was bled only two times, namely at the beginning and at the end of the experiment, in order to avoid the effect of the repeated bleedings.
Both two blood samples were obtained from the caudal artery.
The result obtained was similar to that of Experiment 1.. Experiment 4. (Fig. 2. -Exp. 4. and Table 3 . -Exp. 4. ) The fish was bled only two times in this experiment, also The venous blood was used, and the similar result as that of Experiment 2. was obtained.
Experiment 10. (Fig. 2. -Exp. 10. and Table 3 . -Exp. 10)
In this experiment, the water was not renewed until three hours and three quarters elapsed, then the fish was transferred into running water (the oxygen tension was ca. 80 mm.Hg).
The fish was again transferred into another water (the oxygen tension was ca.
150mm.Hg) after an hour and a quarter from the first transference, and then was returned into the running water (cf. Fig. 2 . and Table 3 .). The blood samples were obtained principally from the caudal artery, and sometimes from the caudal vein for comparison. The oxygen tension of the water decreased as time went on until the water was renewed.
The content of both oxygen and carbon dioxide of the arterial blood diminished according to the decline of the oxygen tension of the water. And then fish became to develop surfacing.
The surfacing, however, could not be seen as soon as the fish was transferred into running water, and the oxygen content of the arterial blood was recovered in a short duration of time. The value did not rise beyond some extent when the fish was trasferred anew into another water containing moe dissolved oxygen.
The carbon dioxide content of the blood kept the declining for some time, but it recovered in some degree after less than two hours.
Experiment 11. (Fig. 2. -Exp.11. and Table 3 . -Exp.11. ) An outline of the experiment was similar to Experiment 10.. The fish respired in running water (the oxygen tension was ca. 80mm.Hg) at the beginning, and then was transferred into still water in a tank, and after then was put back again into the running water (cf. Fig. 2 . and Table 3 .).
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The result was more or less similar to that of Experiment 10.. The oxygen content of the arterial blood diminished according to the decline of the oxygen tension in water, and was recovered in a short time after the transference into the running water.
The carbon dioxide content of the blood was hardly recovered at that time, but rose again over the initial level after 24 hours. Relation of gas content in blood to the oxygen tension of the breathing water.
The relation of the actual content of oxygen in both the arterial and venous blood to various tensions of oxygen of the medium water was summarized in Fig. 3 .. This figure was drawn from the data based on such experiments as described in the preceding paragraph and some other complemental experiments. The oxygen content of the arterial blood increased with an increase in the oxygen tension of the water, and the value came up to the constant when the oxygen tension of the water reached at about 80mm.Hg. The values lay in the range from 0 to 9.54 vol . % On the contrary, the oxygen content of the venous blood did not show no such clear relation to the oxygen tension of the water as that the arterial blood , and the value arrived at the constant when the oxygen tension of the water was about 30mm ,Hg. The values were settled within 0.16-1.37 vol .%.
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As to the carbon dioxide content, there was no great difference between the arterial and venous blood, as has been previously described.
The values lay in the range from 1.89 to 58.67 vol.%, and the relation of the value to the oxygen tension of the water is generally not clearly perceivable. But roughly speaking, the blood taken from the fish which was suffering from surfacing state showed a lower value than that from normal fish .
Discussion and conclusion
It is generally thought that the determination of the actual content of the gas existing in the arterial blood of fish is difficult. It seems to the author that the difficulty of collecting the arterial blood is mainly accountable for it. WASTL (1928) cut off the tail of the carp and took the arterial blood from the caudal artery, but that method requires a large fish as a material, and the fish can be employed only once. The present author could easily obtain the arterial blood from the caudal artery through a simple operation as afore said. A fish was successfully bled several times without such ill effect as to interfere with the conclusion of the present study.
It was confirmed by two curves in Fig. 3 , showing the distinct divergence, that the separate taking of the arterial and venous blood was possible with little difficulty.
The actual content of the oxygen of the arterial blood varied from 0 to 9.54 vol.% according to the change of the oxygen tension of the breathing water in the carp. WASTL (1928) reported that the actual content of oxygen of the arterial blood was 9.51 vol.% on the average in the fish. The oxygen capacity of the blood of the fish was determined as 4.82-15.93 vol.% (the average value: 11.28 vol.%) by WASTL (1928) , and as 6.4-22.9 vol.% (the average value: 12.5 vol.%) by BLACK (1940) . The actual content of oxygen of the arterial blood obtained by the present author in such cases as the breathing water were rich in the dissolved oxygen well coincided with the above value reported by WASTL (1928) , and showed a fairly high degree of saturation against the oxygen capacities described by WASTL (1928) and BLACK (1940) .
In the early stage of Experiment 1., the oxygen content of the arterial blood diminished slowly while the oxygen tension of the water decreased rapidly. And in Experiment 10, the oxygen content of the arterial blood did not rise beyond some extent when the fish was transferred into the water containing more dissolved oxygen. These results may be explained according to a sigmoidshape of the oxygen dissociation curve.
The arterial blood bled from such a fish respiring in the water deficient of dissolved oxygen showed low value of the carbon dioxide content as well as the oxygen content. KOKUBO (1930) showed that the decrease of the carbon dioxide content of the venous blood was caused by the oxygen decrease of the breathing water in Cyprinus and Leuciscus. POWERS (1932) reported that the carbon dioxide content of the venous blood of Ictalurus and Cyprinus increased with an increase of the oxygen tension in the water and vice versa.
The result obtained by the present author roughly agreed with their conclusions.
But in the early stage of Experiment 11, the carbon dioxide content of the blood increased to the contrary of the decline in the oxygen tension of the breathing water.
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The relation of the oxygen content in the arterial and venous blood to various oxygen tension of the breathing water was summarized in Fig. 3 .. The figure of the arterial blood was more or less similar to the oxygen dissociation curve of the blood although the values were scattered to some extent probably due to varied data obtained by the water that had various tensions of carbon dioxide.
On the contrary, the oxygen content of the venous blood did not show so clear relation to the oxygen tension of the water as that of the arterial blood. POWERS (1932) reported that the oxygen content of the venous blood of Ictalurus and Cyprinus increased with an increase of the oxygen tension in the water and vice versa.
But the relationship was not so clear as that shown for the arterial blood in the present study. It seems that he could have obtained more precise relationship if the arterial blood had been used.
In the experiments forcing fish to live and to respire in limited volume of water, the fish came to develop surfacing as time went on. The arterial blood bled from such a fish as suffering from surfacing showed a lower oxygen content.
This condition is anoxic Fig. 3 . It seems that carp may develop surfacing when the oxygen content of the arterial blood is less than 2 vol.%, and may be sound when the value is more than 3 vol.% as presumed by Fig. 3 . The value of oxygen tension of the water when the oxygen content of the arterial blood diminshes less than 2 vol.% should be affected by the carbon dioxide tension of the water (BOHR's effect), and the value was about 15mm.Hg. in the experiments stated in the foregoing paragraph.
Summary
1) The content of oxygen and carbon dioxide of both the arterial and venous blood of the carp were determined. (Fig. 1.) 2) The figure showing the relation of the oxygen content of the arterial blood to various tensions of oxygen of the breathing water is similar to the oxygen dissociation curve of the blood. On the contrary, the oxygen content of the venous blood is generally low, and does not show clear relation to the oxygen tension of the breathing water . (Fig. 3.) 3) The carbon dioxide content showed no much difference between the arterial blood and the venous.
4) The arterial blood bled from such a fish as suffering from surfacing condition (i.e. symptoms of dyspnoea) showed a very low oxygen content.
The carbon dioxide content also diminished in such a case. Carp may develop surfacing when the oxygen content of the arterial blood is less than 2 vol.%, and may be sound when the value is more than 3 vol.%. (Fig. 2. ) Table 3 . The experiments on the response of the blood gas content to the decrease of oxygen tension of the breathing water Table 4 . The measurement of the fish
